Introduction
Reactive oxygen species (ROS), which include superoxide radical, hydrogen peroxide (H 2 O 2 ), and hydroxyl radical, are continuously generated inside human cells due to various endogenous and exogenous metabolism processes (Sreelatha and Padma, 2009 ). The ROS generated are detoxified by the antioxidant systems present in the body and an equilibrium between ROS and antioxidants is reached to prevent cell injury and damage. However, owing to ROS overproduction and/or inadequate antioxidant defense, this equilibrium can be hampered, favoring the ROS upsurge that culminates in oxidative stress (Kohen and Gati, 2000) . Antioxidants play an important role in scavenging and neutralizing free radicals, thus providing protection to humans against diseases that are induced by radicals.
Senescence is the process of cellular aging in which cells lose the ability to proliferate by continuous cell division and this activity is observed in all eukaryotes (Sherr and DePinho, 2000) . The changes in senescent cells are induced by extrinsic and intrinsic factors (Jung et al., 2011) . One of the causes is oxidative stress (Chen et al., 2013; Nouman et al., 2016) and in vivo (Verma, et al., 2009; Luqman et al., 2012) antioxidant potentials. M. oleifera also exhibited antiinflammatory (Coppin et al., 2013) , hepatoprotective (Sharifudin et al., 2013) , and anticancer (Purwal et al., 2010) properties. C. asiatica (Apiaceae) is widely cultivated (Miyako et al., 2005) and is known as one of the most commonly used green leafy vegetables in Asia. This plant has potential wound-healing properties (Azis et al., 2017) and may improve cognition (Gray et al., 2016) . Phytochemical analysis showed that C. asiatica contains triterpenoid glycosides, vallerin, tannins, alkaloid, volatile oil, and pectin (Brinkhaus et al., 2000) .
In the present study, water-soluble M. oleifera and C. asiatica leaf extracts were combined (TGT-PRIMAAGE) and the potential of this product in preventing H 2 O 2 -induced senescence was investigated.
Materials and methods

Plant materials
M. oleifera leaves were obtained from Borneo Moringa Sdn. Bhd. in Tenom, Sabah, Malaysia, with voucher identification number Bm_mo_191012_1. C. asiatica leaves were obtained from MitoMasa Sdn. Bhd. in Ranau, Sabah, Malaysia, with voucher identification number Mtt_ ca_150113_1. Both plants were identified by the Sandakan Herbarium Sabah Forestry Department, Sabah, Malaysia. The leaves were soaked in 95% ethanol at room temperature for 120 h and then water was added to the mixture and boiled for 2 h. The liquid was then concentrated to remove ethanol and water. The mixture was filtered and separated from its residue and then subjected to a spray-drying process. This water-soluble combination of extracts of M. oleifera leaves and C. asiatica leaves (TGT-PRIMAAGE) was prepared by MitoMasa Sdn. Bhd.
Phytochemical screening
A stock concentration of 1% (w/v) TGT-PRIMAAGE was prepared. TGT-PRIMAAGE along with negative (blank) and positive controls were tested for the presence of phytochemicals as described by Harborne (1998) and Kokate (2005) . The change of colors or the formation of precipitate was used as an indication of positive response to these tests. The intensity of color change was compared to the positive controls used.
Total phenolic and flavonoid contents
The total phenolic content of TGT-PRIMAAGE was determined by Folin-Ciocalteu method with minor modifications. Briefly, 0.1 mL of sample (1 mg/mL) was diluted with distilled water (4.5 mL) and subsequently Folin-Ciocalteu reagent (0.1 mL) was added with shaking for 3 min. A 2% (w/v) solution of sodium carbonate (0.3 mL) was added and the mixture was stirred and left to stand for 3 h. An aliquot of the mixture (200 µL) was transferred to a 96-well plate and the absorbance was measured at 760 nm against a blank using a microplate reader (BMG POLARstar Omega, Ortenberg, Germany). All readings were performed in triplicate. The total phenolic content was expressed as µg of gallic acid equivalent per mg of dry weight of the sample, using an equation obtained from the gallic acid standard curve. Total flavonoid content of TGT-PRIMAAGE was determined by the aluminum calorimetric method, using quercetin as the reference standard. Briefly, 150 µL of the test sample (0.3 mg/mL) was mixed with 150 µL of 2% (w/v) AlCl 3 in a 96-well plate. After 15 min of incubation at room temperature, the absorbance was measured at 435 nm by microplate reader (BMG POLARstar Omega). All determinations were performed in triplicate. The content of the total flavonoids was expressed as µg of quercetin equivalent per mg of dry weight of the sample, using an equation obtained from the quercetin standard curve. 2.4. Antioxidant assays 2.4.1. DPPH (2,2-diphenyl-1-picrylhydrazyl) radicalscavenging activity The DPPH assay was done according to Yang et al. (2011) with minor modifications. A series of different concentrations of TGT-PRIMAAGE and Trolox were prepared. The reaction mixtures were prepared in a 96-well plate with 100 µL of sample and 100 µL of 0.2 mM DPPH. The mixture was stirred and left to stand for 15 min in the dark. Then the absorbance was measured at 517 nm against a blank. All determinations were performed in triplicate. The percentage of scavenging activity was calculated as:
Scavenging (%) = (A 0 -A 1 ) / A 0 ] × 100 , where A 0 is the absorbance of the control (DPPH radical) and A 1 is the absorbance of the DPPH radical in the presence of samples. The scavenging ability of the samples was expressed as IC 50 value, which is the effective concentration at which 50% of DPPH radicals were scavenged. The IC 50 values were calculated from the relationship curve of scavenging activities (%) versus concentrations of respective sample.
Ferric reducing antioxidant power (FRAP) assay
The FRAP assay was carried out according to Yang et al. (2011) with slight modifications. The FRAP reagent was prepared by mixing 300 mM acetate buffer (pH 3.6), a solution of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mM hydrochloric acid, and 20 mM ferric chloride at 10:1:1 (v/v/v). FRAP reagent (270 µL) and the sample solution (0.1 mg/mL, 30 µL) were mixed in a 96-well plate and warmed at 37 °C for 4 min. The absorbance was taken at 593 nm. A standard calibration curve was plotted using different concentrations of Trolox ranging from 0.78 to 100 µg/mL. The results were calculated using the standard calibration curve and expressed as FRAP values. All determinations were performed in triplicate.
Cell culture
Human dermal fibroblasts (HDFs; CC-2511) were purchased from Lonza (Basel, Switzerland). Cells were maintained in Dulbecco's modified Eagle's medium (DMEM; Biowest, Nuaillé, France) supplemented with 10% FBS (Biowest) and 1% penicillin-streptomycin (SigmaAldrich, St. Louis, MO, USA) at 37 °C in a humidified 5% CO 2 atmosphere.
Cell viability assay
The cytotoxicity of TGT-PRIMAAGE was determined using the MTT assay. Exponentially growing cells were harvested, counted, and diluted with DMEM (Biowest). The cells (1 × 10 5 cell/ mL) were prepared and seeded (100 µL) into each well of a 96-well plate. The cells were cultured overnight prior to treatment with TGT-PRIMAAGE. Cells were treated with TGT-PRIMAAGE or positive controls, which were ascorbic acid (Sigma-Aldrich) and Trolox (Sigma-Aldrich), at concentrations of 6. 25, 12.5, 25, 50, 100, 200 , and 1000 µg/mL for 24 h. Only the cells treated with TGT-PRIMAAGE were observed up to 72 h. At each time point, MTT (Sigma-Aldrich) solution (5 mg/mL) was added to the cultured cells and incubated at 37 °C for 3 h. Crystallized MTT was dissolved in DMSO and the optical density was measured at 570 nm using a microplate reader (BMG POLARstar Omega). 
Induction of oxidative stress
The effects of TGT-PRIMAAGE on H 2 O 2 -induced premature senescence using HDFs were evaluated. HDFs were cultured for 24 h and pretreated with TGT-PRIMAAGE for 4 h, then exposed to H 2 O 2 (0.2 mM) for 2 h. After induction of senescence by oxidative stress, the cells were rinsed with phosphate-buffered saline (PBS), the medium was replaced, and the cells were further incubated for 48 h before being subjected to subsequent assays. 2.8. Reactive oxygen species assay Cellular ROS production was quantified using the OxiSelect In Vitro ROS/RNS Assay Kit (Green Fluorescence) (Cell Biolabs Inc., San Diego, CA, USA) based on the ROS-dependent oxidation of DCFH-DA to DCF. Cell lysates were prepared in ice-cold PBS and sonicated on ice prior to centrifugation at 10,000 × g for 5 min at 4 °C. The homogenates were collected and assayed directly for cellular ROS production according to the manufacturer's protocol. Fluorescence signals were read using a fluorescence plate reader (POLARstar OMEGA) at 480 nm excitation and 530 nm emission. 
Catalase (CAT) and superoxide dismutase (SOD) assays
DNA damage assay
Cells were collected using trypsin-EDTA and DNA was purified using a DNA extraction kit. DNA samples were first converted from dsDNA to ssDNA by heat followed by digestion to single nucleotides using nuclease P1 (Sigma N8630, Sigma-Aldrich). Subsequently, 5-10 units of alkaline phosphatase was added and incubated at 37 °C for 60 min and the reaction mixture was centrifuged for 5 min at 6000 × g to collect the supernatant.. All reagents, samples, and standards were then added into precoated wells according to the manufacturer's protocol. At the end, the stop solution was added to each well and results were measured immediately at 450 nm.
p53 protein assay
The level of p53 protein was determined using an enzymelinked immunosorbent assay kit for tumor protein p53 (Cat. No. SAE928Hu, Cloud-Clone Corp., Houston, TX, USA).
Statistical analysis
The data were expressed as mean ± SEM values and tested with one-way analysis of variance (ANOVA) followed by Tukey's multiple comparison test. P < 0.05 was considered significant.
Results
Phytochemical screening of TGT-PRIMAAGE
Referring to Table 1 , phytochemicals detected in TGT-PRIMAAGE include tannins, flavonoids, phenols. and anthraquinone glycosides. Based on Table 2 , the total flavonoids and phenolic contents present in TGT-PRIMAAGE were 5.96 ± 0.02 µg quercetin equivalent/mg of extract and 81.83 ± 0.00 µg gallic acid equivalent/mg of extract, respectively. The concentrations of TGT-PRIMAAGE and positive controls (Trolox and ascorbic acid) that reduced free radical DPPH• to about 50% (IC 50 ) were 19, 1.2, and 3.0, respectively. FRAP value was expressed as Trolox equivalents (µg Trolox/µg sample dry weight). The FRAP value of TGT-PRIMAAGE was found to be low (7.01 ± 0.66) as compared to ascorbic acid (172.41 ± 12.6). This indicates that TGT-PRIMAAGE required 100 µg/mL to exert the same reducing activity as 7.01 ± 0.66 µg/mL Trolox. Table 1 . Phytochemical screening of TGT-PRIMAAGE. The phytochemical evaluation of TGT-PRIMAAGE was graded as very high (++++), high (+++), moderate (++), low (+), or not detected (-) based on the intensity of the colored reaction observed compared with the positive control for the respective chemical reactions. Positive controls: a) Tannins -Five drops of 5% ferric chloride solution were added to the extract. Formation of blue color indicated the presence of tannins. Tannic acid was used as the positive control. b) Triterpenoids -The extract was mixed with chloroform and concentrated sulfuric acid was added to the solution. Formation of redbrown color at the interface indicated the presence of triterpenoids. Cholesterol was used as the positive control. c) Flavonoids -0.05 g of magnesium turnings and 5 drops of concentrated HCl were added to the extract. Appearance of pink, scarlet crimson, red/green to blue color indicated the presence of flavonoids. Quercetin was used as the positive control. d) Saponins -Ten drops of olive oil were added to the extract. Formation of soluble emulsion indicated the presence of saponins. Oat powder was used as the positive control. e) Anthraquinone glycosides -Five drops of 10% potassium hydroxide solution were added to the extract. Formation of red color indicated the presence of anthraquinone glycosides. Hydroquinone was used as positive control. f) Phenols -The extract was mixed with 10% ferric chloride solution and formation of bluish black color indicated the presence of phenols. Quercetin was used as the positive control. g) Steroids -The extract was dissolved with chloroform and then concentrated sulfuric acid was added. Appearance of red color at the upper layer of the solution and yellow/green fluorescence color at the bottom of the solution indicated the presence of steroids. Cholesterol was used the positive control. h) Alkaloids -Dragendorff 's reagent was added to the extract. Formation of orange/orange reddish brown precipitate showed a positive result. Quinine sulfate was used as the positive control.
Total phenolics, flavonoid contents, and antioxidant activity of TGT-PRIMAAGE
Color intensity 
Cytotoxicity of TGT-PRIMAAGE in HDFs
At 1000 µg/mL, TGT-PRIMAAGE did not affect cell viability, while cells treated with Trolox had 55% viability and 38% of the cells treated with ascorbic acid were viable. As shown in Figure 1 , viability of cells treated with ascorbic acid and Trolox was reduced with increased concentrations. Viability of cells treated with TGT-PRIMAAGE was high and independent of concentrations. The effects of TGT-PRIMAAGE on HDFs were further observed at 48 and 72 h (Figure 2 ). There were no significant (P > 0.05) effects of TGT-PRIMAAGE at various concentrations until 72 h of incubation. Therefore, three different concentrations were chosen to investigate the inhibitory effect of TGT-PRIMAAGE on H 2 O 2 -induced senescence in HDFs, which were 125, 250, and 500 µg/mL. 3.4. Effect of TGT-PRIMAAGE on ROS, SOD, and CAT levels after H 2 O 2 -induced premature senescence Significant production of cellular ROS was demonstrated in HDFs treated with H 2 O 2 compared to the control group (P < 0.05) as shown in Figure 3 . Incubation with TGT-PRIMAAGE at concentrations of 125, 250, and 500 µg/mL reduced cellular ROS production induced by H 2 O 2 . Similar effects were seen in HDFs treated with ascorbic acid and Trolox. At concentrations of 125 and 250 µg/mL, TGT-PRIMAAGE showed the best ROS scavenging activity compared to the same doses of ascorbic acid and Trolox. However, at 500 µg/mL, ROS scavenging activity was best seen in Trolox. HDFs treated with 0.2 mM H 2 O 2 required significantly high amounts of enzyme to exhibit 50% dismutation of the superoxide radical (low SOD activity) compared to the untreated group (control). Among the different doses of TGT-PRIMAAGE, ascorbic acid, and Trolox, TGT-PRIMAAGE at 250 µg/mL showed the best protective effects (Figure 4 ). HDFs treated with H 2 O 2 caused a significant decrease in CAT activity compared to the control group (P < 0.05). Meanwhile, HDFs pretreated with TGT-PRIMAAGE at a concentration of 250 µg/mL showed a significant increase (P < 0.05) in CAT activity compared to the H 2 O 2 group. Ascorbic acid at 250 µg/mL showed the highest CAT activity ( Figure 5 ). Figure 6 ). In this assay, Trolox failed to protect cells from oxidative stress-induced senescence.
There was a significant (P < 0.05) increase in the MDA level in the H 2 O 2 group compared to the control group. HDFs pretreated with TGT-PRIMAAGE at a concentration of 250 µg/mL resulted in a marked reduction in MDA level. However, protection against lipid peroxidation was better in cells treated with Trolox ( Figure 7 ). Values are mean ± SEM. All tests were performed in triplicate. *: P < 0.05 compared to control (untreated) by one-way ANOVA followed by Tukey's multiple comparison test. HDFs were treated with TGT-PRIMAAGE, ascorbic acid, and Trolox at 7 different concentrations. After 24 h, MTT solution (5 mg/mL) was added to the cultured cells and incubated at 37 °C for 3 h. Crystallized MTT was dissolved in DMSO and the optical density was measured at 570 nm.
In Figure 8 , HDFs exposed to H 2 O 2 showed a significant increase (P < 0.05) in the level of DNA damage (measured as 8-OHdG) in comparison to the control group. Pretreatment with TGT-PRIMAAGE caused a decrease in the 8-OHdG level, but no significant reduction (P < 0.05) was seen in the H 2 O 2 group. Significant reduction (P < 0.05) of 8-OHdG were seen with 250 and 500 µg/mL ascorbic acid and 500 µg/mL Trolox. TGT-PRIMAAGE and ascorbic acid at doses of 250 µg/mL showed the lowest p53 levels. Trolox at lower doses of 125 and 250 µg/mL showed the best protection compared to TGT-PRIMAAGE and ascorbic acid. However, at a high dose of 500 µg/mL, the effect of Trolox was reversed (Figure 9 ). All tests were performed in triplicate. *: P < 0.05 compared to control (untreated) by one-way ANOVA followed by Tukey's multiple comparison test. HDFs were treated at 7 different concentrations of TGT-PRIMAAGE and incubated over 24, 48, and 72 h. After the respective incubation hours MTT solution (5 mg/ mL) was added to the cultured cells and incubated at 37 °C for 3 h. Crystallized MTT was dissolved in DMSO and the optical density was measured at 570 nm. All tests were performed in triplicate. The significance of differences as compared with control group (*P < 0.05) and the group with hydrogen peroxide alone (#P < 0.05) was assessed using ANOVA. Cellular ROS production was quantified using the OxiSelect In Vitro ROS/RNS Assay Kit (Green Fluorescence) (Cell Biolabs Inc.) based on the ROS-dependent oxidation of DCFH-DA to DCF. The details were explained in Section 2.
Discussion
Based on the phytochemical screening tests, tannins, phenols, flavonoids, and anthraquinone glycosides were present in TGT-PRIMAAGE. This indicates that TGT-PRIMAAGE may have important pharmacological properties such as antioxidant activity since it possesses important secondary metabolites such as flavonoids. Flavonoids, phenolic compounds, have been found to prevent injury caused by free radicals and exert protective effects in biological systems. One of the mechanisms is the direct scavenging of ROS. Flavonoids may scavenge free radicals directly by hydrogen atom donation (Procházková et al., 2011) . Plant phenolic compounds such as flavonoids are important constituents of the human diet and have been recognized largely as beneficial antioxidants that can scavenge harmful active oxygen species (Sakihama et al., 2002) . Tannic acid also acts as an antioxidant and scavenges free radicals and superoxide radicals. The ability to chelate iron and copper ions has also been attributed to its antioxidant effect as reported by Andrade et al. (2005) . This suggest that TGT-PRIMAAGE has components that may exert antioxidant activity. The most widely used protocols for measurement of antioxidant activity capacity is DPPH radical-scavenging analysis. DPPH is a stable free radical due to its spare electron delocalization over whole molecules. Low IC 50 values indicate the strong ability of the sample to act as a DPPH radical scavenger. The IC 50 value of TGT- One unit of SOD represents the amount of enzyme needed to exhibit 50% dismutation of superoxide radical. All tests were performed in triplicate. The significance of differences as compared with control group (*P < 0.05) and the group with hydrogen peroxide alone (#P < 0.05) was assessed using ANOVA. Mixtures containing cell lysate samples and tetrazolium salt solution were prepared. Xanthine oxidase was added to all samples to initiate the reaction, after which absorbances were measured for each sample at 440-460 nm. A standard curve was calibrated using the SOD standards prepared. One unit of CAT represents the amount of enzyme that will cause the formation of 1 nmol of formaldehyde/min. All tests were performed in triplicate. The significance of differences as compared with control group (*P < 0.05) and the group with hydrogen peroxide group (#P < 0.05) was assessed using ANOVA. Mixtures containing cell lysate samples and diluted assay buffer and methanol were prepared. The reaction was then initiated by adding hydrogen peroxide. Diluted potassium hydroxide was added to terminate the reaction, after which absorbances were measured for each sample at 540 nm.
PRIMAAGE was found to be higher than those of Trolox and ascorbic acid. The FRAP assay is a single-electron transfer method based on the reduction of a ferrictripyridyltriazine complex to its ferrous in the presence of antioxidants (Cottica et al., 2011) . The FRAP value of TGT-PRIMAAGE was found to be low as compared to ascorbic acid. TGT-PRIMAAGE may act in a hydrogen atom transfer mechanism rather than a single-electron transfer mechanism due to its scavenging activity in the DPPH assay.
The results presented in this study suggest that antioxidant activity is associated with the phenolic contents in TGT-PRIMAAGE. Phenolic compounds may be responsible for the antioxidant activity of many plants as hydroxyl groups confer scavenging ability and flavonoids also exhibited free radical scavenging activity.
In the MTT assay, the viability of cells treated with TGT-PRIMAAGE was independent of concentrations. From the data presented, TGT-PRIMAAGE is therefore considered safe for HDFs. A considerable amount of SA-β-Gal-positive cell number 125 µg/mL 250 µg/mL 500 µg/mL Figure 6 . Effect of TGT-PRIMAAGE on H 2 O 2 -induced premature senescence in HDFs. The number of cells positive for SA-β-galactosidase was measured and results are expressed as mean ± SEM. All tests were performed in triplicate. The significance of differences as compared with control group (*P < 0.05) and the group with hydrogen peroxide alone (#P < 0.05) was assessed using ANOVA. Briefly, HDFs treated with extracts and hydrogen peroxide were incubated with freshly prepared 1X SA-β-gal solution. HDFs that stained blue were counted. Lipid Peroxidation Product (MDA) Level 125 µg/mL 250 µg/mL 500 µg/mL Figure 7 . Effect of TGT-PRIMAAGE against lipid peroxidation in H 2 O 2 -induced premature senescence in HDFs. Data expressed as mean MDA level (µM) ± SEM. All tests were performed in triplicate. The significance of differences as compared with control group (* P < 0.05) and the hydrogen peroxide alone group ( # P < 0.05) was assessed using ANOVA test. SDS lysis solution was added to both the samples and the MDA standards. Then TBA reagent was added to each sample and standard and incubated at 95 °C for 50 min. Absorbances were measured spectrophotometrically at 532 nm.
literature has been published on in vitro models of HDFs for the study of aging (Park et al., 2014) . Fibroblasts are vital cellular components of human skin as they play essential roles in the regulation of skin physiology and pathology. Therefore, an investigation of the toxicity effect on HDFs is critical for pharmacological and clinical studies on aging.
The imbalanced cellular ROS production triggered by endogenous and exogenous factors may lead to certain pathological conditions. Thus, assessment of ROS levels provides an important clue about redox balance in humans and can act as a prognostic in certain diseases. TGT-PRIMAAGE has significantly reduced the production of ROS in HDFs exposed to H 2 O 2 . This indicates the protective ability of TGT-PRIMAAGE against the damaging effect of ROS. SOD serves as the first gatekeeper in the antioxidant defense system designed to scavenge superoxide anions. Level of 125 µg/mL 250 µg/mL 500 µg/mL Figure 8 . Effect of TGT-PRIMAAGE against lipid DNA damage in H 2 O 2 -induced premature senescence in HDFs. Data expressed as mean concentration of 8-OHdG (pg/mL) ± SEM. All tests were performed in triplicate. The significance of differences as compared with control group (*P < 0.05) and the group with hydrogen peroxide alone (#P < 0.05) was assessed using ANOVA. 8-OHdG levels, i.e. the oxidative DNA damage by products, were measured using the ELISA method. DNA was extracted from all the samples. The doublestranded DNA was converted to single-stranded and digested to single nucleotides of guanosine. Data expressed as mean concentration of p53 (pg/mL) ± SEM. All tests were performed in triplicate. The significance of differences as compared with control group (*P < 0.05) and the group with hydrogen peroxide alone (#P < 0.05) was assessed using ANOVA. The p53 level was measured using the supernatant from the cells according to the manufacturer's instructions. The reaction mixture was read at 450 nm after adding the stop solution.
This enzyme catalyzes the dismutation of superoxide anion to molecular oxygen and H 2 O 2 . In cultured HDFs obtained from aged cells or induced by H 2 O 2 it has been found that the catalase activity is decreased. This is because CAT plays a central role in the aging process of human fibroblasts by scavenging the intracellular H 2 O 2 generated. It converts H 2 O 2 to water and oxygen molecules, which provide protection from deleterious effects of ROS attacks against macromolecules. CAT is also involved in the antioxidant defense system against ROS by catalyzing conversion of ROS to less harmful species. TGT-PRIMAAGE was found to increase SOD and CAT activities compared to nontreated HDFs. The antioxidant properties of TGT-PRIMAAGE may have acted via upregulating the SOD and CAT activities and therefore protecting cells from oxidative stress. Oxidative stress contributes to a state of stress-induced premature senescence, which displays features of replicative senescence including lack of cell proliferation, increased cell volume, distinct flat morphology, and elevated expression of cell-cycle inhibitor proteins (Comings and Okada, 1970; Dimri et al., 1996) . To investigate the protective effect of TGT-PRIMAAGE on H 2 O 2 -induced premature senescence, SA-β-gal staining was performed. HDFs pretreated with TGT-PRIMAAGE prior to H 2 O 2 exposure exhibited a reduction of premature senescence similar to that with ascorbic acid. In this study, Trolox failed to protect cells from oxidative stress-induced senescence. The result suggested that TGT-PRIMAAGE may inhibit H 2 O 2 -induced premature senescence by its antioxidant capabilities. Lipid peroxidation is one of the main events in free radical-induced cell injury. MDA is a byproduct of lipid peroxidation and is widely used as a biomarker of oxidative stress (Feng et al., 2013) . Lipid peroxidation has been implicated in the pathogenesis of several diseases such as Alzheimer and Parkinson diseases (Devasagayam et al., 2003) . The results obtained from the experimental analysis of MDA levels in HDFs showed a significant increase in the MDA level in the H 2 O 2 group compared to the control group. Incubation with H 2 O 2 caused lipid peroxidation via oxidative stress and the HDFs pretreated with TGT-PRIMAAGE at a concentration of 250 µg/mL had a marked reduction in MDA level, which suggests the protective effect of the sample against lipid peroxidation. However, protection against lipid peroxidation was more significant in cells treated with Trolox than TGT-PRIMAAGE.
The production of ROS such as •OH radicals could lead to generation of various damaged DNA bases and strand breaks following reaction of •OH radicals with DNA bases or the deoxyribose backbone of DNA. Guanine is the base that is most prone to oxidation, and 8-hydroxy-2'-deoxyguanosine is the form of oxidized guanine that is most commonly studied. DNA damage is the major contributor to aging processes (Bagnyukova et al., 2008) . The free radical theory of aging of Harman (1956) hypothesized that the onset of aging occurred due to failure in antioxidant defense machinery to protect against prooxidants, leading to accumulation of damaged biomolecules such as DNA and loss of its functions with age. The efficacy of repair machinery seems to decline with age, allowing for continuous and rapid accumulation of DNA damage and errors in replication (Cooke et al., 2003) . Exposure to H 2 O 2 caused increased DNA damage resulting from free radical attack. However, pretreatment with TGT-PRIMAAGE caused a decrease in 8-OHdG level, but no significant reduction was seen in the H 2 O 2 group. Significant reduction of 8-OHdG was seen in the ascorbic acid and Trolox groups. The decrease in 8-OHdG level might be due to the defense mechanism exerted by the antioxidants present in the sample, preventing the damaging effect of •OH radicals.
p53 is closely related to the apoptosis mechanism, which remained at a low state under normal conditions, regulated by the p53 inhibitor Mdm2. However, the level of p53 is dramatically elevated following accumulation of DNA damage, hypoxia, or aberrant oncogene expression to enhance cell-cycle checkpoints, DNA repair, and apoptosis (Fridman and Lowe, 2003; Xu et al., 2008 ). Significant increment in the level of p53 protein in HDFs treated with H 2 O 2 shows that exposure to H 2 O 2 led to oxidative damage to macromolecules such as DNA (accumulation of DNA damage), which in turn raised the expression of p53. The expression of p53 rises dramatically as the level of DNA damage increases, thus activating the roles of p53 by either inducing cell-cycle arrest coupled with DNA damage repair or cell death (Fei and El-Deiry, 2003) . HDFs pretreated with TGT-PRIMAAGE caused a markedly diminished level of p53 compared to HDFs treated with H 2 O 2 alone, suggesting that less damage occurred to the cells. Similar results were observed for HDFs pretreated with ascorbic acid and Trolox, which showed significantly lower levels of p53 compared to the H 2 O 2 group. HDF cells treated with TGT-PRIMAAGE and ascorbic acid at doses of 250 µg/ mL showed the lowest p53 levels, ROS levels, and MDA levels and therefore had the most optimum protective effects against oxidative damage. Therefore, at 250 µg/mL, TGT-PRIMAAGE could protect the HDFs from oxidative damage caused by H 2 O 2 at a efficacy level similar to those of ascorbic acid and Trolox. This could be due to the dosedependent prooxidative potential of TGT-PRIMAAGE. At higher doses, TGT-PRIMAAGE may revert to having oxidation potential, which may be useful for the induction of apoptotic cell death.
In conclusion, this study provided information on the antioxidant activities of the combined leaf extracts of M. oleifera and C. asiatica. TGT-PRIMAAGE did not show significant reduction of DNA damage; however, the p53 protein level was reduced, which indicates its ability to protect cells from oxidative stress induced by H 2 O 2 .
